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Erontispiece! Dune Formations at Cape Hatteras National Seashore Recreational Area,
North Carolina, Two dune ridges separated by a broad swale, The sea-

ward tidge is stabilized by grasses and the higher ridge by scrub
vegetation, Courtesy of National Fark Service,



DUNE PORMATION AND STABILIZATION BY VEGETATION AND PLANTINGS

by
Dr, John H, Davis
University of Florida, Gainesville, Florida

INTRODUCT ION

Ample experience in the United States and Europe shows that plant-
ings and management of extant vegetation are effective in promoting dune
formation and in the stabilization of dunes, Dunés may form, of course,
with or without plant life: however, where the climate of the coastal
region ig conducive to plant growth, the plants play an active role in
the development and eventual stabilization of the dune formations. Dune
stabilization by plant life is effected particularly by the underground
parts of the plant holding the material; however, the aerial parts are
also important as they increase the surface roughness of the land form
and thereby affect the movement of sand by winds, The purpose of this
paper is to discuss the effectiveness of various plants in dune forma-
tion and stabilization.

IMPORTANCE OF DUNES FOR SHORE PROTECTION

Dune ridges along the coast are the high barriers against the
action of normal and storm tides and waves, They check storm waters
from flooding the low interior areas; and they also reduce the action of
onshore winds, which would erode more of the interior of the coast if ne
obstruction were present, Other dune ridges and dune fields farther in-
land also are protective to a lesser degree than the frontal barrier
dunes, 1If they are well stabilized they serve as a second line of defense
against water and wind erosion, should the foredunes be destroyed by storm
wave action., Suitable stabilization measures hold sand in place, sand
that might ordinmarily migrate over adjacent areas and damage improved
property, Figure 1 illustrates these features.

The dunes near the beaches are not only barriers against high water
and strong onshore winds but their role as stockpiles is most important,
Depogition of ten accumulates on the seaward slope rapidly enough to ex-
tend the dune outward toward the beach, This material may be returned to
the foreshore by wave action on a high tide and thus serves to nourish
the beach,

Dunes on bartier beaches which flank long reaches of many coasts,
guch ag the Outer Banks of North Carolina and the coast of Texas, often
prevent storms from breaching these barriers, In some areas where the
dune crest is not continuous the storm waters have poured through the
gaps amd made cuts across the islands, Subsequently, some of these cuts
have widened and deepened into inlets which have interrupted the long-
shore drift enough to starve beaches downdrift from the inlet, Dune ridges



Migration of unstabilized dune across
a road

Pigure 1 Stabilized and Migrating Dunes at Cape Hatteras National
Seashore Recreational Area, Nortlh Carolina, Courtesy of
National Fark Service



are a very important protection om such coasts and many are now being
built and maintained to prevent such breaching,

FORMATION OF DUNES

Dunes occur in areas where a substantial supply of sand is available
and meteorological conditions are proper, Both of these conditions are
fulfilled on many of the wide sandy beaches fronting the ceoast of the
United States,

Winds of sufficient velocity to move the sand particles erode the
dry portions of a beach and transport the sand in three ways:

a, suspension, whereby the small or low density grains are
1ifted high into the air stream and carried for appreciable distances;

b, saltation, whereby the wind carries an individual particle
close to the surface for some short distance through a definite curved
path; and

t. surface creep, whereby a relatively large particle rolls or
bounces along the ground as a result of wind pressure or the impact of a
descending saltating particle,

The three modes of transportation effectively sort the original beach
material, The =mall particles may be ocompletely removed from the dune
area while the largest particles remain; therefore, the dunes are composed
of material of essemt ially one size. This uniformity of size materially
aids the development of a vegetative cover,

The building of a dune begins where an obstruction causes deposition
of the suspended particles and stops saltating or creeping particles. As
the incipient dune builds, its slope becomes sufficiently steep so that
galtating or creeping particles come to rest on its windward slope, With
higher wind velocitizs particles will fall over the crest of the dune,
resulting in migration of the dune in the same direction as that of the
wind, Under favorable conditions of material supply and wind action,
dunes build to heights far sbove the maximum elevation of storm wave
action, and several dune ridges may be formed, The formation of dunes may
be started and their enlargement may be accelerated by the use of sand
fences or planting, Artificial dunes are also constructed in some cases
by mechanical or hydraulic placement of fill,

ROLE OF VEGETATION IN DUNE FORMATION AND STABILIZATION

Plant life in the form of single plants, groups of plants, and
sparse to dense vegetation of herbs, shrubs, and trees aids in the develop-
ment of the topographic forms of the coast and parts of some backshores,
The plant life is secondary to the mechanical forces in the development



of some of the dune topography, but it is most important in the stabiliza-
tion and retention of the various forms after they have been developed,
Plants are passive agents that alter wind action, but they are active
agents in holding dune materials in place, They also aid in the processes
that change these materials to solls, Physiographic processes would not
approach nor attain the equilibrium atatus common along many coasts
without plants that arrest wind, stop or retard shifting of materials,

and add organic soil components., Bach coastal plant plays a particular
role, but it is ususlly the aggregation of plants that brings about changes
and consequent stabilizatiom,

Plants iofluence the wind and erosion and deposition by two major
methods: (1) their serial parts act as obstructions, increasing the
roughness of the surface, and deflect or screen wind movement; and (2)
the underground parts tend to bind and hold the materials in place. In
addition, plants affect the water content of the soil and their decom-
position adds humus to the soil, Groups of plants forming a vegetative
tover may be sufficiently dense to alter wind action enough to prevent
all but very minor erosion and deposition, In this manner the vegetation
stabilizes the topographic forms against all but the most violent action
of wind or rain,

The primary role of plants along the foredunes, however, is more
important as individualsor small groups than as a dense cover, The
pioneer, dune=forming plants inf luence the movement of wind-borne sand
and generally csuse more deposition in an area than would normally occur
if they were not present. The screening effect of the generally flexible,
aerial parts of plants upon the wind is accomplished by deflecting the
wind and decreasing its velocity. Some of the material moving by saltation
and surface creep is arrested and deposited around the plant, The de-
position continues around and eventually on top of the plant and may lead
to burial or partial burial of the plant, Unless the tops continue to
grow more rapidly than the deposition occurs, the arresting action of the
plant ceases, The vigorous growth of the top parts is often characteristic
of the pioneer, dune-forming plants. BEven when dead, the exposed upper
purts of the plant may comtinue to act as screens, This is true of some
annual and some perennial plants which die or only die back during the
winter season, The rapid growing herbaceocus plants are most effective as
acreening agents, while the woody plants of the scrub and forest zones of
vegetation are the best permanent obatructions, and in some areas the
lastter cause the greatest deposition,

The mechanical and other effects of the underground parts of plants
are complex, The fibrous root systems and adventitious roots from the
Joints or nodes along the stem act as very efficient sand binders, The
rhizomes or rootstocks below the surface and the stolons or runners st ot
near the surface also serve in the same capacity., Tietotal of these
underground and near surface parts is often greater than that of the aerial
parts, Usually they are of small diameter but very extensive and grow



downward to zones of damp or wet soils. The extensive root systems through
the dry and wet zones hold the sand and prevent erosion by wind action,
Root systems are illustrated in Figure 2,

The underground parts absorb water and also selectively absorb some
of the minerals present, This alteration of the moisture content and
chemical characteristics is a slow but significant change in the sands of
dune fields of long duration, The shade produced by plants keeps tempera=-
tures lower than those present in uncovered sand and, therefore, reduces
the evaporation of water, The addition of the dead merial parts of plants
to the surface acts as a mulch and also increases the organic content of
the sand, thereby changing the chemical conditions, These changes gradually
lead to an increase in the vegetative cover and a consequent decrease in
the mobility of the dune samdis,

Plants have the ability of growth extension in three directions;
horizontally, upward, and downward, In this manner they may keep pace
with deposition and continue to alter the erosion - deposition cycle,
Plants accomodate themselves to changes in wind direction and to the shifting
of the sandy soils. The merial parts are less apt to grow as rapidly as
the underground parts during active movement of sand and may not survive
adverse conditions of strong winds, flooding, salt spray, and cold or dry
weather, However, the abllity of plants to survive and procreate them-
selves makes them nearly perpetual agents for stabilizatien,

TYPES OF VEGETATION

The aggregations of plants in a coastal zone form, in general, three
types of vegetative cover: (1) a pioneer type composed mostly of herbaceous
plants; {(2) a scrub type of woody shrubs and vines and dwarf form trees
with a few associated herbs; and (3) a forest type dominated by trees,
Pigure 3 shows such a development. Many coasts have some succulent, semi-
woody, and fibrous-leaved plants and palms in the first two types of
vegetation, Nearly all of the plants of the first two types are tolerant
to salt spray and varlous degrees of salinity of the soil, and are known
as halophytes,

These three types of vegetation usually occur in narrow zones over
the broad coast, The pioneer herbacecus vegetation is on the dune fields
nearest the beach, The scrub vegetation is found on the partly to fully
gstabilized older dunes, in some of the valley swales and on some of the
flats., The forest vegetation is toward the interior on the oldest and
most stable dune fields, It is not always present, but when present it
covers the dunes, swales, and flats that have been stabilized for a long
time and have soils with several distinctly different layers that were
partly developed by the pioneer and scroab vegetation,

Pioneer Type. The herbaceous, pioneer vegetation is the chiefl dune~
forming agent., These plants are known as the pioneers because they grow
in & manner that enables them to help develop dunes in conjunction with
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HAROWOOD FOREST PINE FOREST AND SCRUB SCRUB ZONE WITH A FEW PINES

SCRUB ZONE MIXED PIONEERS AND SCRUB PIONEER Z0NE DRIFT LINE
FIGURE 3 TYPES OF VEGETATION OVER BROAD COAST.



wind action, The upper beach and drift line plants grow where wave and
tidal action may occur and some of them die as a result of storms. They
begin the formation of low ridges and embryonic dunes at the drift line
by retarding some water and wind action, However, most of the pioneer
plants are on the front slope, top, and back slope of the first dune
ridge or seriea of dune mounds back from the beach,

The pioneer plants are mostly grasses that have strong, wide-spreading
rootatocks or rhizomes underground, and runners or stolons near or over
the surface, The most effective of these plants are fibrous rooted
perennials with some of the following characteristics: (1) s rapid lateral
spread by horizontal surface or underground stems; (2) rapid wertical
growth by mpright stems, and the stems and culms thus elongating usually
grow upward as fast as materials collect around them; and (3) stems that
usually develop roots at higher and higher levels from the joints or
Eﬂd!ﬁa

The best dune-forming plants have both the horizontally and vertically
elongating stems, but some of the common pioneers have cnly one of these
characteristics, Some plants do not have wide-spreading lateral stems;
however, these plants are effective when they have closely grouped stems
that form a compact bunch or cespitose growth form, Some of these plants
that are not grasses, such as the composite flowered type plants, have
many shoots from one taproot system, and a few of these are effective in
building low, dome-shaped mounds, but they do not aid much in the formation
of long, high dune ridges.

Pioneer plants are the initial vegetation of the coastal succession
or sequence of vegetation that finally develops into a forest, They in-
ctrease the rate and height of dune formation and determine the pattern of
development of the coastal zone, but usually they do not complete the
stabilization of the dune fields, This is because, generally, they do not
form a suf ficiently dense plant cover to prevent the movement of sand
and other materials, They prepare the soil, the soil water, and the soil
humus for a demnser growth of plants, Small woody plants replace them
slowly and eventually cover the area they occupied to form a secrub type
of vegetation that stabilizes most dune fields,

Therefore, the pioneer vegetation does two things: (1) it initiates
the formation of dune fields by decreasing the movement of coastal materials
and causing deposition, and (2) it prepares the soil and other habitat
conditions for the development of the scrub vegetation, The first function
or role is mostly mechanical by binding the scil and retarding winds,
and consequently the pioneer plants are most important in building up and
extending dunes, Figure 4 illustrates pioneer and scrub zone vegetation,

Scrub Type. Scrub vegetation usually begins on the second, third or
more interior dume ridge, and may extend over a number of swales and flats
of interior areas. It is a sparse to very dense growth of shrubs, woody



Figure 4 FPioneer and Scrul Lone Vegetation at Cape Hattieras National Seashore Recrextional
hrea, North Caraline, Pioneer prasses in foreground and shrubs of scrub zone oo
right and in background, Courtesy of Natiooal Taxk Jervice,



vines, stunted trees, and scattered herbs, Where the scrub growth is
dense, the land forms are well stabilized., Some scrub zones have bare
areas of sand caused by natural or human disturbances of the vegetation
and soils, The chief nmatural disturbances are excessive salt spray,
storm waters, fire, and animals, Man has altered many areas by fire,
construction, and promoted grazing. The worst of the altered areas have
large blow=outs and migrating dunes, These zonés usually need manage-
ment and protection to preserve the vegetation so that the dunes may be
stabilized, When scrub areas are seriously disturbed, pioneer plants
are needed to redevelop the vegetation on them, ms scrub plants often
ecannot be restored directly in areas of moving sand,

Most of the bushes, shrubs, low palms, fibrous-leaved and succulent
plants, dwarfed trees, and woody vines of this zone are facultative
halophytes, those which can withstand some salt spray and some soil
salinity but are injured or killed by concentrations of these, The salt
spray and the winds along the coast prune and sculpture the shrubs and
trees, The s0ils are more moist than those of the pioneer zome, but
most of the specles are xerophytes, plants which are zble to endure in
low concentrations of atmospheric and soil moisture,

The heath or heather form of shrub growth is common, Members of
the heath Cfamily are abundant along the coal to cold coastal regions,
Members of other families also assume this heath form, and are found
along northern and central parts of the Atlantic coast. There are
numerous dwarf oaks in the southern Atlantic and Gulf of Mexico regions,
The cactus type and fibrous-leaved plants are common along hot and dry
coasts, such ms in southern Florida, southern Texasg, and parts of California,
The small willows, myrtles, a number of dwarf cherries or plums, and
many thorny or spiny woody plants are also common in scrub zones, The
greatést variety of planta in the scrub zone occurs in the subtropical
and tropical areas of Florida.

Pioneer plants do not completely stabilize the dunes and other parts
of the coanst and the first scrub zone plants that invade among the herbs
of the foredunes are usually good dune bullders, A general movement of
wind-transported materiasl takes place until the scrub vegetation becomes
dense. The rate of becoming dense is often slow and depends upon: (1) the
frequency of storms and the force and constancy of the strong winds; (2)
the number and variety of plants in the scrub zone; and (3) the rate that
the soil and other habitat conditions become more moist, Fire is a
very important factor because often it has depleted or destroyed scrub
ZONes,

The species of plants composing this scrub zone are more closely
related to climatic conmditions tham are the herbaceous species of the
pioneer zone, Por example, the pioneer zone American beach prass,
Ammophila longiligulata, and the pioneer sea oats, Uniola paniculata,
extend from Maine to North Carolina, and from North Carolina to the tip
of Florida, respectively, Along this 21 degrees of latitude there are




only & very few plants of the scrub zone that extend over a distance of
7 degrees of latitude, The scrub zone plants near the end of their
range are of ten poorly developed in form, and frequently the plants do
not grow rapidly, This partly accounts for the sparse condition of the
vegetation of some of these scrub areas,

Forest Type, The tree species present in the scrub zone, such as
varieties of the live oak, some palms, many hardwood species, and numerous
pines are the forerunners of the forest zone of vegetation, As the soil
conditions become more favorable with better humug content and better
soil water conditions, many of these trees become of forest size, Other
trees enter the area and a forest zone becomes established, This is
usually a maritime type of forest, but may be the margin of an interior
forest with no trees of distinctly maritime origin,

The forest zone is the climax of the development of wvegetation on

the broad coastal zone, but it is not always present, Dry coasts such as
those of southern Texas and southern California have no forest zone, The
vegetation varies from thickets of small, densely grouped trees to open
forests of tall trees, The forest may be either coniferous or hardwood,
or a mixture of these two, These forests completely stabilize the terrain
against all but the most severe disturbances, If the forests are cleared
by human activities or destroyed by hurricanes, the areas are difficult to
re-egtablish,

Some of the trees are facultative halophytes and withstand some salt
spray and saline soils, but most of them are injured or killed by these
conditions, Some forests are wind pruned and have dense and sculptured
canopies, They are mostly mesophytic trees which form & mesophytic climax
community that is often similar to the interior forests. Some of the
conifer forests, especially the pine forests, are a stage of development
between the xerophytic, scrub-type wegetation and the megophytic climax
hardwood forests, One of these is the sand=pine scrub forest on Florida
dunes,

Some of the coastal areas have only the pioneer type of vegetation which
is poorly developed and temporary, especially in the extremely cold and
dry climates, Other areas have a scrub zone near the upper beach because
erogion has removed the foredunes and the pioneer vegetation, Many regions
lack the forest zone, or the forest present is not a maritime forest but
rather the aeaward or lakeward extension of an interior forest, Dune
forests are, however, very prominent along parts of the Great Lakes and the
southern part of the Atlantic coast,

The types of natural vegetation are an excellent indicator of the
progradation and degradation characteristics of the shores, A lorg period
of time is necessary for the formation of most of the well-developed scrub
zones, and an even longer period is necessary for the development of the
forest zone, Therefore, if these zones are near a beach it indicates that
the area has probably undergone erosional changes since they were developed,



Conversely, a wide pioneer zone with two or more dune ridges covered

mainly by herba indicates recent extension of the coast, A very mixed
pattern of vegetation of scrub seaward of herbaceous vegetation and

patches of forests in active dune fields usually indicates strong differences
in winds and some very erratic changes in the erosion - deposition pattern.

The vegetation also indicates the climatic and soil conditions. The
dry coastal regions have a scrub zone which has sparse cover and the
plants are usually small, with few or no forest trees, The cold coasts
seldom have perenniml herbs im the pioneer zone. The warm to hot and
humid regions have a dense scrub zone with many species, and often there
are well-=developed maritime forests,

HEach coastal region hag a slightly different arrangment of the
zone 8 of vegetation, and the species and their relative abundance are
different im each zone, The general criteria for a particular type of
vegetation or zone are, however, those outlined above, and the management
of vegetation, or selecting areas for plantings, should be based on the
general characteristics of the three zones and their plants. Shrubs
and dwarf trees are often present near the beach, but, even if they are
present, the pioneer plants should be used in the plantings because the
habitat has been changed by ercsion.

The three types of vegetation and the zones they form are usually
developed in the seguence indicated in the short descriptiens of each
zone, The pioneer plants are replaced by the scrub zone plants, and sub-
sequently some¢ scrub vegetation is replaced by forest vegetation. Such
sequences are known as plant successions, The course of the development
of & succession is a combination of changes in the conditions of the
habitat, the populatiom of plants, and the form of growth of the plants,
These changes interact upon each other, In development of the coastal
region, the most important feature of this succession is the alteration
in the physiographic processes of erosion and deposition during the
succession, The general change is increased deposition inland from the
shore line with final stabilization that allows almost no surface change,
The materials that become distinctly sorted are bound together by the
plants. Subsequently, these materials become solls as the humus content
increasss and some slow chemical changes take place among the soil particles,

The population of bare areas by the pioneer plants and the replace-
ment of the pioneer plants by scrub plants are the two important vegetational
processes. Nature has used this method for development and it should be
imitated and if possible improved to insure the best coastal dune stabiliza-
tion, . Plantings of species in the wrong zone are usually unsuccessful
because the habitat is not suited to them., Flantings of species in
climatic regions foreign to their natural habitat may or may not succeed
depending upon the adaptability of the individual species,



CLIMATIC REGIONS OF DUNE VEGETATION

The climatic regions inm which distinctive types of vegetation and
certaln important plants occur are not the same as the coastel regions
based upon physiographic, geographic, and geologic features, Plants and
vegetation conform mainly to conditions of seasonal temperatures and
rainfall or other precipitation, and the humidity or dryness of the
coastal habitats, The general climatic conditions determine the presence
and abundance of most of the species maturally occurring, and the survival
and growth of many plants that may be introduced, The soils are mostly
gands and are a less critical envirommental factor than the climate,
Locally, however, the soils range from gravels to fine silts, from strongly
alkaline and saline to acid, z2nd from very dry to very wet; therefore,
in some areas they determine the local plant communities and the presence
or absence of certain specles,

The climatie conditions of both temperature and rainfall during the
growing season are most important along the northern amd central parts
of the Atlantic and Pacific coasts and around the shores of the Great
Lakes, But in southern regions the higher winter temperatures and the
drought conditions are usually more important, Winds, and the salt spray
they nften carry, are alsc important, but these cannot be well classified
on a regional basis, The incidence of storms, the prevalence of ice,
anow, and fog, and some other atmospheric conditions are locally very
important, but these cannot be used as general criteria for coastal regions,
Therefore, on the general basgis of temperature and precipitation the
fallowing eight climatic regions are recognized as regions of distinctive
plants and vegetation, The regions are delineated in Figure 5,

North Atlantic Region. This region has a shore line about 570 miles
long, extending along all the New England coast from the Canadian border
to the border of Connecticut and New York, but not including Long Island,
It has arctic and cold temperatures, frozen soils, ice, and snow over a
long winter season and short, mild summers, Generally abundant precipita-
tion and usually high humidity prevail,

Central Atlantic Region, This region with a shore length of sbout
520 miles, extending from Long Island and the New York-Connecticut border
to Cape Hatteras, North Carolina, has cold temperatures, some ice, snow,
and frozen soiles but the winters are not severe. This areagenerally has
abundant precipitation and humidity.

Southern Atlantic Region, The extent of this region is from Cape
Hatteras, North Carolina to Cape Canaveral, Florida a distance of about
650 miles, It has cool temperatures, rare frosts and very little ice,
snow and frozen soils. The winters are mild and short, and there are long
periods of summer heat, The region has abundant precipitation, ig generally
humid, but seasonally dry,

Floridian Region, This region extends from Cape Canaveral, Florida,
around the southern Florida Keys area, and northward along the Gulf of
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Mexico to Cedar Key, Florids, a total length of about 750 miles, some
pections of which are marshy shores without beaches, It has tropical,
subtropical, and warm conditions, with very rare to no frosts and long,
warm to hot summers, Rainfall is irregular, varying from abundant to
long drovghts, with humidity varying from moist to dry.

Gulf of Mexico Region, This subtroplcal region about 1,600 miles
in length extends from Cedar Key, Florida northwest, then west and south
to the Mexican border, About 350 miles of this coast, mostly in Louisiana
is marsh land without beaches, The region has warm temperate conditlions,
with frosts occasionally in the northern areas, In southern Texas the
winters are short: the summers are long, hot, and often guite dry. Rain-
fall is irregular, varying from high in Louisianz to rare in southern
Texas, Humidity varies from moist to arid,

Southern Pacific Region, The California coast from the Mexican border
to the Monterey peninsula, a length of 400 miles, is subtropical with
warm temperate conditions, Prosts are rare and summers are long, hot and
dry, Rainfall occurs most often in winter and is seldom abundant. The
erea is dry to very arld,

Northern FPacific Region. From Monterey peninsula, California to

the Canadian border, a distance of 900 mileg the climate is warm to

cool temperate, with some frosts, ice, and snow, Winters are generally long
gnd mild, Precipitation varies from abundant to moderate and the humidity
is generally high, especially in the northern part of the area,

Great Lakes Region, This region, extending along some parts of the
Great Lakes in the United States, has cold temperate conditions, with
long, cold winters, ice and snow, and cool to seasonzlly hot summers.
Here precipitation is moderate and varied, and humidity is moist,

Most of the ghotes of the Pacific coast are steep and there are less
dune areas In this region than along the Atlantic, Floridian, and Gulf
of Mexico coasts. The Great Lakes region has very extensive shores, but
those with dunes are mainly along Lake Michigan in Michigan and Indiana,
Dunes are pregent along only about 500 miles of the shore line of the
Great Lakes in the Tinited States,

There are now only a few hundred miles of coast in all eight regions
that have a natural, unaltered vegetation, Several of the small areas of
natural vegetation are not typical of the present conditions along the
whole region, A few such areas are:

North Atlantic - Gulf of Maine area in Maine; Provincetown area,
Cape Cod, Massachusetts,

Central Atlantic - Fire Island on Long Island, New York; Island
Beach, New Jersey; Parramore Island, shore of Virginia; some areas of the
Outer Banks of North Carolina between the Virginia border and Cape Hatteras




Southern Atlantic - Bogue Banks, North Carolina; Debidue Island,
South Carolina; Cumberland Island, Georgia; Fort Clinch State Park,
Fernandina, and Mosquito Lagoon area between Daytona Beach and Cape
Canaveral, Florida

Floridian « A few partly altered areas on Jupiter Island,
Atlantic coast; Xey Largo and some others of the Florida Keys; Marco
Beach near Cape Romano on the Gulf of Mexico

Gulf of Mexico = The spit partially enclosing Saint Josephs
Bay, Florida; Padre and Brazes Islands, southern Texas

The Cape Hatteras Natlional Seashore is the most extensive area pre-
served and being improved, It is along the Quter Banks of North
Carolina, This Federal area, plus all the other Federal and State areas
total less than 250 miles of shore line of approximately 4,000 miles of
shore along the Atlantic, Floridian, and Gulf of Mexico regions. Many
of these areas are used for recreation with hundreds of establishments
built on them and thousands of visitors annually:; therefore, the vegeta-
tion does mot remain natural, This results in conly a small fraction of
the Atlantic and Gulf coasts being expected to maintain the normal vegeta-
tion sufficiently intact to have some stabilizing influence.

ZONOS OF VEGETAT ION

The species of plants forming the coastal vegetation of each of the
eight regions occur in the three zones; piloneer, scrub, amnd forest, The
number and variety of species usually increase southward along the Atlantic
coastal regions until on the Plorida Keys area there are numerous species
of many plant families, There is also a general decrease in both variety
of plants and density of vegetation from regions of abundant precipitation
and moist humidity to the regions of low precipitation and aridity, as
toward Southern California aleomg the Pacific coast,

Sparse tree growth and a general lack of dense cover of woody plants
in all strand zones are characteristic of the North Atlantic region which
is partially due to the ice and snow of the long cold winters, Similarly,
the lack of precipitation and the long hot summers which are nearly
desert conditions produce a sparse vegetatlon along much of the coasts
of middle and southern Texas and the Southern Pacific region,

Strong winds and storms are more prevalent along some reglons than
others and they have locally altered the density of the vegetation, but
in most cases the vegetation has recovered after & few decades. Water,
winds, man, and birds bring in exotic species of plants to many areas
and some of these plants become well established as part of the flora,
Man has been an important agent of introduction of new plants and has
promoted naturalization of many exotic species from Europe and other regions,
In fact, the planting of exotic species has increased the variety of the
flora of some coasts so much that these plants mre locally very important,



All the plants and varied types of vegetation of the eight coastal
regions cannot be given in detail as such description would be beyond the
scope of this paper, However, there are usually a few plants of each
region that are characteristic and more abundant than the others and
these are noted in detail later, There are some plants that are neither
gbundant nor characteristic, but are described because they are so much
involved in coastal development, Most of the native plants are given
in Appendix A and are placed in the vegetative zone in which they most
generally occur or are of most advantage for coastal stability. Many
more plants are given for some regions than for others due to the mmber
of plants present or observed and described in the botanical literature
for each region,

In general, the pioneer zone species are more extensive in their
climatic range than plants of the scrub and forest zones, Many of them
are grasses and other herbs and some are weeds of ballast and shore
debris, Many of them occur on disturbed soils of all coasts, Nearly all
of these plants that are useful for plantings are stressed later, Some
of the forest zons plants are gpecies common to inland areas as well as
coastal zones and the distinctly maritime or coastal ones are difficult
to determine, Por this reason, only a few of these plants have been listed,
The vegetation is not divisible into clearly defined pioneer, scrub, and
forest zones in all eight coastal regions because some areas have only
poorly developed dune fields, This is reflected in the paucity of species
listed for some regions,

The characteristic plants of the three zones of vegetation are
nearly all related to the climatic conditions, The plants of the pioneer
zone are most related to seasonal differences in temperature and the
intensity of winds, Manylof them are annual plants with short growing
seasons because they occur in the cool and cold temperature regions, The
perennial herbs in such regions usually have dormant pericds. The grasges
and probably some of the other herbs seem to be photoperiodic and are re-
lated to the length of the daylight during their growing season, A few
of the southern region plants are frost sensitive, and, in general, the
scrub zone plants are more sensitive to frost than the pioneer plants,

Many species of the scrub zonme plants in the Floridian region, and
gsome in the Southerm Atlantic and Gulf regions are sensitive to frost, or
are retarded by long periods of low temperatures, The live ocaks of scrub
form, other scrub oaks,many palms and fibrous leaved plants such as Yucca
and Agave, and numerous species of the warm temperate regions extend over
a wide range from tropical to nearly cool temperate climatic conditions,
One of these is the cabbage palm, Sabal palmetto, which ranges from Cape
Hatteras to the southern tip of Florida, These plants of the coastal
regions between definitely cool temperate conditions and hot tropical con~
ditions are associated with a variety of subtropical and tropical species
in sreas south of 30 degrees North latitude. Most of the species of
tropical affinities grow south of Cape Canaveral and Cedar Key in Florida,
and south of Galveston in Texas,



The forest zone trees are not generally affected by temperature asg
much as by rainfell conditions, They do not develop well where pre-
eipitation is less than 30 inches annually and, therefore, a forest
zone is lacking in the most of the arid sreas. A mumber of the evergreen
hardwood trees are subtropical and tropical species, while most of the
decidous hardwood trees are cool and cold temperature plants, The pines
range from those of cold to hot climates, but most of the other conifers,
emcept the red cedar, are cool and cold temperate trees,

AVAILABLE PLANTS IN THE DIFFERENT CLIMATIC REGIONS

Many of the plants of the natural vegetation in each of the eight
regions, listed in Appendix A, are available for dune stabilization, par-
ticula-ly for the restoration of the native vegetation of the scrub and
forest zones, Reforestation of well-stabilized areas is vaually succesaful
if the native specles are used, The stock for plantinge can be obtained
from the furviving forests by obtaining small trees, seedlings, and seeds,
Many trees and shrubs can be raised im nurseries, or obtained from
commercial sources and from Federal and State agencies, The abundant and
dominant species in the ascrub and forest zones are generally the most
available and are usually the best for permanent stabilization of the inland
areas,

In contrast, the piloneer type planis available for dune formation and
the first stages of stabilization of the dupe fields mare not often
ebundant in the natural vegetation because certain climatic regions lack
plants with good dune-building and dune~stabilizing characteristica. Such
areas occur along the dry coasts of Texas and California and parts of
Plorida, FPew species occur in some of these areas and these may not grow
robustly, The use of plants imported from other regions is then advisable,
especinlly if the exotic plants grow where the soil and climate are
similar to those of the region where they are to be used,

Many of the dune areas of most of the three Atlantic coastal regions,
the humid parts of the Gulf coast, the Northern Pacific coast, and the
Great Lakes shores heve numerous grass and shrub species that are
good dune builders and stabilizers, HNearly all of them have some favorable
characteristic for particular sites, and some can be transplanted success-
fully if properly dug up, handled, planted, and mmintained, The willows,
Salix; grasses, Ammophila, Elymus, and Agropyron; and some shrubs, such as
species of Prunus and Myrica, have been extensively used., Naturalized
exotic grasses, such as the Bermuda grass, Cynmodon dactylon; numerous
shrubs such as brooms, Cystisus; and Junipers, Juniperus, are easy to obtain.

In the Floridisn region and parts of the South Atlantic and Gulf
regions there are numerous shrubs, palms, and hardwood and conifer trees
available in the scrub and forest zones, But some of these, such as the
very common and efficient saw palmetto, Serenoa repens, and the live oak,

rcus virginiana; and its varieties, are difficult to dig up and trans-
plant or to ralse from seed, Similarly, the common dune-building sea oats,



Uniola paniculata, have proved hard to handle, The cabbage palm, Sabal
lmetto; wax myrtle, Myrica cerifera; and the pines sre, however, easy
to handle aml have been extensively ussd,

Numerous introduced plants, such as the Buropesn beach grass,
Ammophila arenaria, have been used to aid dune formation and stabiliza-
tion, and some of these have become so extensively nmaturalized that they
are now part of the natural vegetation, The most numerous of the
naturalized exotic speciles are in the Central Atlantic and Ploridian
regions where there is much valuable property near resort beaches, The
coconut palm, Cocos nucifera, and the Australian pine, Cgsuarina equi~
setifolia, are two of the exotic trees most successfully and extensively
used in southern Florida, The various shore junipers, Juniperus; some
of the roses, Rosa; exotic pines and spruces; Pinus and Picea; and the
poplars, Populus, are common in the Central Atlantic region., The list
in Appendix A gives the most available native species of all eight of
the climatic regions and some of the exotic plants that may be obtained,

The use of pative and exotic plants for landscape horticulture
around buildings and in gardens and lawns on property near beaches has
increased so greatly in recent years that practically every salt-tolerant
ground=cover plant, bushy perennial herb, vine, shrub, and tree species
or variety have been tried. The numbers and kinds of these plants
available for each coastal region vary greatly, with from less than fifty
in the Northern Atlantic, Southern Pacific, and dry part of the Gulf
region to over one hundred in the Floridian region, The exotic plants
used on dunes in southern Florida, as described by Ferguson, include
seventeen species of pioneer or ground cover tppes, twenty-eight of the
scrub zone areas, and thirty-seven trees. In addition to these there are
seventy-two introduced species and varieties and nearly forty species of
native plants that have been used, It is therefore impractical to list all
available plants used, but those species listed in Appendix A plus informa=-
tion obtained from local nursery men, horticulturists, and botanists
should determine those best suited to the area,

In general, the plants most tolerant to salt spray, some soil salinity,
some salt water flooding, and those that will withstand high winds are the
most useful, Most of these are halophytes or facultative halophytes,
Certain families of plants have more genera and species of such plants
than others, some of which are: the conifer pine and spruce family,
Pinaceae; the monocotyledon families, Palmaceae and Liliaceae; and some
grasses, Poaceae; many dicotyledon famxlies, such as Amaranthaceae,
Azoaceae, Cactaceae, Compositae, Convolvulaceae, Cruciferae, Bricaeae,
Eughnrbiaceae, Fagaceae, Lythraceae, Malvaceae, Myricaceae, some of the
Papilionaceae legumes, the Portulacaceae. some Rosaceae, some willows and
poplars of the Salicaceae, and the Tamaricaceae, Reference to manuals
for the coastal specles of these families will aid in the search for
available plants,

The 1ist of the native and exotic plants available (Appendix A)
includes some that have been extensively used and others that have not yet



been extensively used, but which may be very useful if properly handled.
It does not include all species of some genera, such as Agropyron, Agave,
Elymus, Juniperus, Prunus, Rosa, and Salix, because these generally have
so many species appropriate for dune stabilization. The horicultural
species and varieties of such genere as Bambusa, Juniperus, Ligustrum,
Prunus, and Quercus are aslso too mumerous to list, Reference to such
standard listings as in L, H. Bailey's "Hortus", snd the “3tandardized
Plant Names™ by Kelsey and Dayton should be made,

The 1ist is not eqgually representative of all the eight climatic
regions because information about plantings in each was not equally
available, and also because plants used along the Pacific coast are not
well known to the writer, Although some species are found in only one
climatic region wheres some use seems to have been made of the plants,
each species or genus may be much more widely used than indicated. Many
plants infrequently used or which have proved unsatisfactory are omitted
and some of those that are of only local usefulness have been omitted,

The plants listed in Appendix A, and some others that have been less
extensively used are not all that are available for use. When the
ecological relations of the particular plants are determined, and If =
plant has the growth form and abundance characteristics that make it
important in the natural plant community it may be tised, For example,
Panicum amarum, and the several species of morning glories, I e,
the common Spartina patens, and the very extensive sea ocats, Uniola
paniculata, are a few in the pioneer zome of the Atlantic and Gulf coasts
that probably could be used more extensively., Similarly, there are
pumerots native shrubs, woody vines, succulent plants, palms, and
fibrous leaved plants, such as some of the species of Yucca, that are
available for use if handling may be made more efficient. The main criteris
for usefulness are that they resist salt spray, withstand dry soil con=
ditions, and grow in dense enough groupings to stabilize the sands, The
resistance to salt spray is particularly important if they are to be used
on the barrier dunes, Such plants should be selected by getting those
types which have survived on sites subject to intense salt spray, The
same criteria are useful in selecting tree species to be used on the new
dunes and near the beaches, It is difficult =nd expensive to transplant
many of these extensively, but those which nre suitable may be determined
by transplanting a few, and also by observing the growth habits of species
in the area that are now nearer the shore than formerly., If a species
survives, especially after hurricanes, then it is usually an appropriate
one to try in plantings,

Some plants are available for transplanting from one region to
another, The absence of a species in a cosstal region does not indicate
that it will pnot grow in the region, In fact, many native plants are not
extended to the limits of their range because of their lack of migrationm,
Therefore, it is probable that numerous species of all eight regions are
available for plantings in similar and adjacent regions, and some of thenm
ghould be tried, Such tests are described later in connection with

20



Ammophila breviligulata transplantings in Florida, Many Buropean and a
few Asian species have been brought to America to areas in which the
climatic conditions differ only slightly from those in which they thrived,

The chief limits to making plants available from one region to another
are (1) the limits of froat semsitive species, (2) limits of those that
require & dormant rest period of cold winters, (3) limits of those that
have certain day length or photoperiod requirements, and (4) the moisture
limits of those that thrive in very arid areas, In general, the Floridian
species of tropical affinities cannot be used far north of their natural
habitat, the Northern Atlantic and Northern Pacific plants probably cannot
be planted in the Southern Atlantic and Gulf regions, and most plants of the
arid parts of the Guif and Southern Pacific¢ regions cannot survive in the
more humid regions,

METHODS OF ESTABLISHING PLANTINGS

The effectiveness of establishing plantings for the various purposes
of dune building and stabilization usually depends upon the methods of
doing the following: (a) the selection and procurement of suitable plants
which may be obtained without too mch difficulty or expense; (b) the
arrangement of the plantings which will aid and maintain the development
of suitable topographic forms; (¢) the methods of planting and care of
the plantings which will insure their establishment; and (d) the replenish-
ment of the plantings to promote the final type of vegetation and forms
of dunes desired. The management of the extant vegetation often involves
some plantings to increase its effectiveness and to stop the deterloration
of the vegetation,

Most of the three phases involved in plantings should be planned in
conjunction with the overall engineering plans for the coastal region,
especially if these plans involve creating or raising dune ridges,
artificial nourishment of the beach, and structures on the upper beach or
in the dune fields, Plant ings are often useful in conjunction with wind
screens, such as sand fences, The protection of wvaluable property from
migration of sand may be accomplished in this manner, An arrangement that
will decrease wind erosion and meintain the stability of dune formations
is desirable, The design of plantings should be related, ag much as
possible, to the final stabilization of the dunes and the other features
present, so that the finsl forms will hold agazinst all but the most violent
storms and most persistent erosion,

Selection of Plants, An important consideration in the selection of
nearly all the plants that will probably prove effective in plantings
is the adequacy of the suppiy to insure a sufficiently dense planting to
cover the area, The second important consideration iz the ease and cost
of procuring the plants, Usually there are a number of species that will
prove useful and several nay be selected from those available, It is
becoming more and more difficult to find an abundamt supply of desired
plants in the natural vegetation that can be removed in quantity for
transplanting, and commercial nurseries or the development of a nursery
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near the planting site are often necessary. The procurement of seeds for
seeding in areas is not usually limited if commercial seeds are used, but
if seeds of native plants not stocked by merchants are needed, then the
supply must be investigated before plans to use them are made, Transplant-
ing is generally more expensive than seeding and it is sometimes difficult
to secure a supply of the desired plants; therefore, the use of seeds should
be investigated for every large scale planting,

Many of the plants listed as available in Appendix A are the most
suitable, and these should be investigated as to adequacy of supply and
ease of procurement, This list does not give all plants that may be useful
on & particular site or for some special purpose, The plants used in
former picntings, if any, in the region should be investigated thoroughly
and the sites should be visited or records examined to determine their
success, Plant materials used in former plantings that did not prove
successful should be avoided in areas where the conditions are similar,

A desirable characteristic of nearly all early and permanently
stabilizing plants is that they withstand some salt spray and some soil
salinity, Over a long period almost every coast will be subject to these,
often far toward the interior, This tolerance to salinity may be partly
determined by the survival of plants in an area where a storm has spproach-
ed the land from the sea, This tolerance may be determined specifically
by testing the range of salinity of the soils where the plants show some
deterioration,

The grasses, especially species of Ammophila, Agropyron, Elymus,
Andropogon, Festuca and Spartina, have been most extensively used for
dune Eurn&tlnu and early stabilization; in addition to these there are
other genera with similar characteristics which may prove just as useful,
Some of the other genera are Cenchrus, Fanicum, Paspalum, Poa, and
varieties of the Bermuda grass, Cynodon dactylon, There are a large
number of other herbs useful for dune formation and early stabilization,
a few of which genera are Carex, Buphorbia, Ipomoea, Lathyrus, Lupinus,
Oenothere, Polygonum, and Sclidago, There are some shrubs, fibrous
perennials, semi-shrubs and succulent plants, such as Agave, Iva imbricata,
Mesembryanthemum, Opuntia, Prunus, Salix, and Yucca, that have been proved
useful, A few of the trees, such as the coconut palm, Cocos nucifera,
live oaks, and shore junipers will withstand salinity sufficiently to be
planted near the upper beaches,

There are some grasses which have been introduced recently, such as
Paspalum notatum and Zoysia tenuifolia, and some other plants, such as
species and varieties of Ilex, Hibiscus, Arctostaphylos, and Cupressus,
which may be useful and are becoming more available, These new types can
be located by contacting agricultural experiment stations, commercial
horticulturists, and agronomists, Some grasses and other herbs, however,
do not tend to form or hold the dunes in the desired shapes and should
not be used even though they possess the desirable traita required and
occur abundantly in the natural vegetation of the area, One of these is
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the sen oats, Uniola paniculata, of the South Atlantic, Floridian, the Gulf
regions, which tepd to build and hold dunes which are steep sided,

Plants chosen for use in any zone should not be planted extensively
in areas which are very different from those in which they now grow
robustly and abundantly, Test plantings, on a small scale, shounld be
made to determine whether the species may be transplanted or seeded
without excessive loss or deterioration, Even though the species chosen
possesses the required characteristics, transplanting or seeding may prove
Aifficult or may fall because of local conditions,

Selecting and procuring plants for permanent stabilization, improve-
ment of the extant vegetation, or for landscaping property is a more
difficult problem because so many more plants are available, The shrubs
are generally the mpst easily handled and survive the best; however, many
ghrubs that are available do not spread rapidly nor do they withstand
salinity, and both characteristics are preferred, Several species and
varieties of such penera as Arctostaphylos, Bumelia, Ceanothus, Eleagnus,
Ilex, Juniperus, Lonicera, Myrica, Prunus, Quercus, Salix, and Yucca,
have proved very useful, The ground cover herbs and low shrubs, such as
some clovers, Trifolium; peas, Lathyrus; several grasses, such as St,
Augustine, Stenophorum; dune sunflower, Helianthus debilis; and the lupines,
Lupinus, have proved effective, Many tree species, especially palms for
beautification, have been used to improve the natural vegetation In some
regiong, Some of these trees, such as the Casuarina, and the bamboos, are
used primarily as wind breaks,

The scrub and forest zone plants of the region may furnish most of the
planting stock for permanent stabilization and improvement of the vegetation,
if the plants can be transplanted or seeded without too much difficulty,

In many instances, however, handling native plants is difficult and expensive.
The pines and some other conifers that produce seeds abundantly may be

grown at nurseries and then transplanted, but the oaks are more difficult

to handle in this manner, Species of Myrica are easily transplanted by
cuttings and lavering and species of Salix are very easily transplanted,

In contrast, some of the common dune plants, such as the rosemary, Ceratiola
ericoides, and falge heather, Hudsonia tomeatosa, are very difficult to
transplant or raise from seeds and are not recommended for large plantings,
Some trees, such as the gand pioe, Finug clausa, are not useful pear beaches
because they are not salt tolerant even though they are abundant on inland
dunes,

In general, the use of seeds for propagation directly onte a site
is not as effective as the use of transplants because of the slow rate
of growth, In most instances a vegetative cover is desired in a short time.
There are, however, some ground cover plants of the early stabilizing
type, and some permanent stabilizing plants that can be seeded effectively,
such as Pestuca grasses, and Trifolium clovers, and some lupines. A number
of these usually require some mineral fertilizer to aid their growth,
and long dry spells may retard germination of the seeds or kill the young
plants,
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In the general relations of plants to climate and soils no reglon
has all the different species of plants that are adapted to the habitat
conditions, and exotics are therefore often wvaluable additions to the
vegetation, Exotic species often prove more useful and are more easily
handled than some of the native trees and shrubs and many of these should
be tried more extensively, The exotics are considered to be those from
any other climatic region of the same country or from a foreign country,
and a great number may be procured by transfer from one region to another,
A plant thus to be transplanted should be selected for its obvious pre-
ference for several of those s0il and other habitat conditions that occur
in both places and for their general ability to become acclimatized in
new areas, Their adaptability to climate, to soils, and to other factors,
ghould be determined by test plantings before the procurement of large
quantities of the exotic plants is made, If there is a wide range of the
exotic species in its natural habitat, then the species is more apt to
become acclimatized elsewhere,

A peneral tendency has been to select exotic species from Burope
because most of the extensive dune planting has been done there, But,
as the mnumber of plant ings increase in the United States, the exotic
plant materials obtainable here may prove better. A case in point is
the genus Ammophila. The Buropean species is A_ arenaria, the marram
grass, and the American species is A, breviligulata, the beach grass,
Plantings in the State of Washington, where both are exotic, have
shown that the American species is more suwitable, Many other species
native to the United S5tates need to be tried in other sections of the
country,

Arrangement of Plantings, The arrangement of the plantings, especially
for dune formation and early stabilization, should be related to the overall

plans for the protection of the coastal region involved. These plans often
include structures, grading, and filling. The arrangement of plantings in
conjunction with sand fences and other wind screens pnd on graded or
hydraulically filled artificial dunes has heen thoroughly tested in a number
of areas, egpecially in the Cape Hatteras National Seashore area of the
Outer Banks of North Carolina and on Long Island, New York, A large scale
project designed for permanent shore protection and possibly some seaward
advancement of the shore line involves many engineering features, The
egtablishment of the proper arrangement and types of dune ridges and dune
fields and other features usually also involves a good cover of vegetation
as a part of the whole plan, On all these areas the arrangement and
position of the plantings should be related to the engineering design,

There are, however, many small-scale, short=-term plans for shore protection
and improvement of coastal areas that cannot be elaborately planned, and
plantings on these may be made for temporary benefits.

Plantings on dunes are usually accomplished by using transplanted
perennial herbs which spread laterally and upward, and the density and
extent of the plantings are related to the way the plants survive and
spread, The area should be planted nearly uniformly so as to prevent the
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final vegetation from becoming of unequal density at different places,
because an irregular cover promotes eroslon between areas of greater

plant density. Planting in rows 18 not as good as a random arrangement
because rows tend to funnel winds, but rows cannot be avoided at times

if planting machinery is used. 1If sand fences are used to start the

dune formation, the design of the fences determines the design of the
plantings, The plantings in conjunction with structural installations are
desgcribed later,

Plantings without sand fences and other devices to aid deposition
and stabilization are generally located where some wind deposition is
occurring, This limits the position and width of new plants in many places
to the drift line and foredume fields of moving sand, The first object
is to plant closely enough to assure a sufficient mass of underground
parts and tops to cause build=up and stabilization of the sand around the
plantings, This usually means a spacing arrangement that is seldom more
than 18 inches apart for most grasses, and often less for other plants,
The zone of the planting should be as wide as the dune ridge to be
developed, s0 as to assure its formation., If the zone is 200 feet wide,
and the plants are s2t in one foot apart, there will be approximately
43,500 plants per acre,

The plantings for early stabilization are vsually on dune fields
which have the desired form and position, but not the density of plant
cover needed to keep these forms intact. Additional plantings are made
on such areas after the form of the dune is nearly fixed, Most such
plantings are related to the density of the extant vegetation, and the
spacing of the setting in of transplants, or the sowing of seeds, is mainly
to cover the bare or sparse areas more densely. Several plantings in
sequence during the planting season are usually best so as to insure a
nearly uniform plant cover, and oftem a number of different species of
different growth habits are used to create a mixed vegetation, The mixed
vegetative cover usuzlly stabilizes better than a vegetation of one
abundant sgpecies,

Times of Planting, The favorable times of the year for the transplant-
ing and seeding vary a great deal in relation to the climate and the plants
used, Most shrubs and trees are transplanted during their dormant period,
if any, 1In cool to cold winter regions, planting during late winter is
usually best. Most perennial herbs, especially grasses, take root and
begin top growth best if planted during early or late winter, but not mid-
winter, in the cool and cold winter climates., Survival percentages of
these may be low in areas where winter storms and ice occur because these
conditions often bury and uproot the plants, Here the early spring
plantings are usually better., Most plant ings of seeds should be in the
seagon when germination occurs, in order to prevent the seeds from being
blown about or covered too deeply before germination.

The time of planting is also related to the season of rainfall, In
warm climate reglons, plantings should be accomplished when the so0il moisture
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Dune reconstruction employing three rows of
bush type sand fencing, nine months after in-
stallation, ' '

Dune reconstruction employing commercial snow
type sand f-m_-ur.ing set in zigzag pattern.

Figure 6 Dunes Ready for Pioneer Planting at Cape llatteras National
Seashore Recreational Area, North Carolina. Courtesy of
National Park Service,
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will be optimum for the region. In all regions plantings should be
avoided during the driest and hottest seasons, Plantinga on sites of
wind-blown sand should avoid the season of high winds, and transplentings
should not be made in frozen soil,

Times of Plantings with Sand Fences and on Fills, Plantings in con-
Junction with sand fences and on artificial dunes and other graded areas

should be planned for the best season, This means that construction and
grading operations should be timed so that the sites will be in proper
condition at the season of planting, The efficient use of labor in
planting operations also determines the best time for plantings, especially
in cold or hot climates where work is curtailed by adverse climatic con=-
ditions, Timing plantings to allow replanting, if the first attempt does
not give a sufficiently dense vegetation, is also important and often
necessitates both a fall and a spring planting.

After sand fences or other inanimate arresting devices have been in-
stalled, planting should begin as soon as deposition fills up to a third
to half the height of the fencing. Figure 6 illustrates dunes which are
ready for planting., The deposits on the leeward zide usually dewvelop
first and the first plantings are on them, but if more deposition is on
the windward side, that side is planted first. In a pattern of fences,
such as the diamond pattern, the first plantings are made where deposition
fills in between the panels of fencing and the plantings outside the
fencing are made later, The purpose of the first plantings is to fasten
deposition in place as soon as practical and to promote as much deposition
as possible between the fences, if a pattern is used, so as to form the
main body of the dune ridge, Subsequent plantings are made as deposition
on the side of the fences not previously planted builds up to about half
the height of the fences, and some are made where additional and more
rapid deposition will help develop the form of dune desired,

This means that with a single row of fencing, straight or =zigzag,
there are usually two times of planting, and that with multiple rows in
parallel, diamond, and other patterns, there may be three or four different
plantings. A general rule for all of these i3 that the plants should be
spaced from 9 to 24 inches apart, in a random, scattered arrangement, as
illustrated in Figure 7, A row arrangement may lead to channeling of the
winds between the rows of plants, and this may produce more erosion than
deposition., If a planting machine is employed rows cannot be avoided;
however, some supplementary plantings by hand can be placed between the
rows to prevent some of the erosion, especially at the time when such
erosion first begins,

Additional plantings along the crest of deposits induced by fences
should be made as soon as these deposits cover the top of the fencing,
if the plantings already present have not spread to the crest, Some
plant ings should also be made at or near the base or toe of both the lee
and windward sides of the deposits to hold these parts, if former plantings
have not spread there, Such base plantings are particularly useful to
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Figure 7

Pioneer Grass Plantings at Cape Hatteras National
Seashore Recreational Area, North Carolina,

Plantings of Ammophila breviligulata spaced about
2 feet apart., Courtesy of National Park Service,
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increase the width of the dunes and to prevent steep slopes caused by
excessively high crests,

Planting on artificially constructed dunes is usually made at or
soon after the time such ridges or mounds have settled into the form
desired, It should be done in a scattered arrangement as with sand fences,
and plants are inserted 9 to 24 inches apart. The usual form of wind-formed
dunes is, however, seldom attained by these mechanically made dunes; there=
fore plantings should be made that will help change the form toward that
of the astural dune. Artificial dunes should be constructed when the
plants to be used will grow fast enough to fix the fill in place.

The materials piled into dunes by earth-moving equipment usually
have much less uniform texture than those deposited over aml near sand
fences, It is generally difficult, therefore, to install plants that
will grow satisfactorily in all the parts of the piled ridge, especially
where coarse gravels and shells are piled, For this reason, the use of
plants in conjunction with artificlally built dunes of this type is often
difficult, The plans should be to build the slopes of as uniform material
as posgible, but if this is not possible, then plants suited to the
different sizes of the fill material should be used. This may involve
using a mumber of different species and making mixed plantings.

Plantings on fills and dune ridges made by hydraulic methods must
be made carefully because of the heterogeneous composition of the material.
Such fills may have more saline conditions than dunes formed from wind-
moved and mechanically placed materials; therefore it may be necessary to
wait until after rains have decreased the salinity sufficiently to make
the plantinga,

The practice along the Outer Banks of North Carolina has proved that
it is best to allow dunes constructed by mechanical means to remain with-
out grass plantings until they have reached their natural slopes, If the
dunes are planted earlier thanm this the loss caused by wind will be heavy,

Plantings for Scrub and Forest Zones, Most plantings for permanent
stability are arranged over interior parts of the coast amd are among
existing vegetation, They are used mainly to make the plant cover more
dense and to change the vegetation, in some instances, from the herbaceous
type to woody type of the scrub and forest zones, The general practice
is to plant in the sparsely vegetated and bare areas that have the topo-
graphic form that should be maintained for best coastal and interior pro-
tection, Some planting is done om areas that have been changed by mechanical
grading, so as to stabilize that form, Areas frequently planted are the
sand flats behind dune ridges and between them and the second and sub-
sequent dume fields, especially those that flank roads and buildings,
The general arrangement of herbs used in such plantings is irregular and
they are spaced so as to grow into as dense a ground cover as the soil
and water conditions permit, Many flats are inundated occasionally or
have high water tables and the commonly used plants are grasses and sedges
of wet, saline soils, such as species of Spartina and Salicornmia.
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When a scrub or forest cover is desired or the plantings are to
increase the density of the existing scrub and forest zones the arrange-
ment is related to the mature growth form of the plants and denseness of
the vegetation, The degree of density that can be maintained by the
particular type of wegetation should be promoted by these plantings,

The form of the plant and the density of growth are distinctly different
for the forest zone trees compared to the shrubs of the scrub zone, and
usually the plantings of the forest trees must be spaced at much wider
intervals than the shrub plantings.

So many species of woody plants can be used in these plantings that
gseveral different planting arrangements are needed, Usually the pines
arnd some other conifers cannot be placed im the shade of other trees,
The heath plants, the sand myrtle, and others, such as the rock roses,
form low dense vegetation which should be planted thickly on bare areas
rather than between other plants, because they do best in closed stands,
A number of trees and shrubs, especially those used Ibr ornamental
purposes and some of the large hardwood forest trees, may be planted
between other plants to thicken the stands,

The sod-forming grasses and other ground cover plants can be used on
some bare areas to hold the top soils in place, A number of the many
gpecies and variletles of grasses, peas and other lepumeés and some composite
family plants can be seeded in or tranplanted over bare or sparsely
vegetated areas, They should be planted close enough to insure a full
coverage of the ground in one season. Some succulent plants, such as the
ice box plant, Mesewbryanthemum crystallinum, are used as a ground cover
in California and Florida,

The arrangement of the plantings of ornamental shrubs, used both for
dune stabiilization and beautification of private or public beech and dune
property, can often be made in groupings, hedge rows and other landscape
designs, This is being done increasingly well on property along the
residentially developed coasts,

Methods of Planting and Care of the Plantings., The methodsof planting
by transplanting and by using seeds are diversge and are related to the
plants used, the topography, the compactness or locseness and the mobility
of the soil materials, and the pattern of arrangement and time of planting,
The transplanting method also involves the means of procuring and handling
the plants in transit, This is often done within a few days or hours
where possible and generally involves one contimuous operation, The
methods of seeding are mainly by either broadcasting or drilling the
seeds into the soil at the right time, depth, and distance apart,

Procuring plants and transplanting them inwvolves digging up as much
of the underground parts as practical, some¢ wrapping and bundling, and
some pruning of the stems and leaves to reduce water loss during tramsit,
The plants are then et in the soil to the depth that will insure rapid
anchorage and sufficient abserption of water and minerals to keep them
alive,
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The digging is usually done with spades and shovels, and in some
cases with plows, 1In only a few cases can plants be pulled out of the
soil, If grasses or other plants with underground $tems are to be secured,
some care should be taken to dig up at least one joint or node that
has roots branching from it, If the plants have a tap root, its main
extent should be dug out. As many fibrous lateral and secondary roots
should be dug up as is practical on all plants, Usually there is no
practical way to retain soil about the roots because the scils are mostly
loose sands, but this should be attempted for the larger shrubs and trees
because bare rooting is usually net as successful in transplanting as
roots with seil,

The planting stock thuos obtained needs care immediately. It should
be protected from excessive drying or freezing of both the tops and
underground parts by bundling the stock together, wetting lightly, and
covering with fabrics, plastics or some soil, The stock should not be
bundled too tightly nor kept too wet for long periods or some rotting and
spoilage will result, Pruning of the tops of some plants often helps to
reduce water loss and also helps to stimulate the root and top deve lopment
after planting,

If the plants are to be transperted long distances or kept out of
the soll a number of days, they will need protection from water loss and
other deterioration, Sometimes this involves rewetting and careful
wrapping in bundles that allow some air circulation, General nursery
practices for handling and shipping the woody plants should be followed,
If the plants are kept near the site for a few days before planting, they
can be heeled in,

The planting process is termed sprigging or setting in,and is generally
done by hand in holes or furrows 8 inches to 12 inches deep, The setting
places are not more than 24 inches apart, Two to four sprigs are set or
spriggad in each hole or position in the furrow, The holes and furrows
are a random arrangement or staggered rows and files, Backfilling and
firming soil around the sprigs should be done within a few minutes after
setting in,

The methods of seeding grasgses, clovers, and herbs over large areas
or using sesds lecally to make the wvegetation more dense and of better
composition are those often used for the particular seeds elsewhere, The
methods of using shrubs and tree seeds nre, however, almost as varied as
the species used and require some knowledge of the way the plant grows,
Planting bv drilling in the seeds 1is usually more effective than broad-
casting the seeds, Various mechanical drills may be used, especially those
adapted to loose sandy soils which can operate over rough terrain,

In general, planting by seeding is not very successtul and may be
very slow, TIf time permits, plants should be raised from seeds in a
nursery and then transplanted, Greater details on procedures to follow
for seeding ar transplanting may be obtained from botaniczl manuals or
by consulting local horticulturists or botanists,
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Care of the transplanted and seeded plants canmot be intensive beczuse
of the expense, except on valuable property, Nearly all seeded and
transplanted plants will benefit from watering during dry periods, and
many of them will benefit from applications of some mineral fertilizers,
Watering, however, cannot usually be done over large areas unless fresh
or brackish water i3 cheap. In some areas both watering and applications
of mineral or even organic fertilizers have been found profitable in
promoting more rapid and enduring growth, This is particularly true of
those geeded areas in which a rapid growth of vegetative cover is needed.

Other protection of the plantings can be effective at nearly every
site, This protection is usually against excessive human use of the
area until the plants are well established and spreading sufficiently to
overcome some of the inevitable human destruction., All planted areas
should be protected from fire, grazing and browsing by animals, and in
rare cases, from birds roosting and nesting. A few burrowing animals are
also harmful. The most useful protections are from fire and human
activities,

MANAGEMENT OF THE VEGETATION

Beth the extant natural vegetation and the wegetation developed or
improved by plantings require some management to insure their maximum
usefulness in the preservation of the desirable coastal features, Some
of the management was considered under care of the plantings, but more
is usually advisable, The basic principle is to preserve those types of
vegetation on the sites where they are most 1likely to maintain the degired
topegraphy and improve the area, Preservation of a type of vegetation
for a long period of time is not desirable because the corstal zone is
subject to a dynamic change throogh a8 successiomal sequence. This
succession has been described and is the gradual development of three
zones of vegetation from the bare backshore inland, Management should
promote this sequence of pioneer, scrub, and forest zones where the space,
climate, and soil conditions permit, and if possible, it should in fact
speed up the succession,

The forest and scrub zones usually need protection from fire, excessive
humarnt disturbance, and harmful animal activities, These often involve no
gpecial protection cother than the usual fire protection of forest areas and
some control of people using the areas for recreation. Clearing and other
improvements, building homes, hostelries, and roads are another matter,
for these are often done reckless]ly and without the precaution of preserving
as much of the extant scrub and forest vegetation as possible, Grading
and clearing for various types of construction c¢lose to the beach or on
the dunes should be discouraged., Long=term planning for dune and plant
maintenance should be enforced in order to provide maximum stability,

In areas where construction has altered the natural conditions, much
care and management to improve and restore the vegetation are reguired,
The natural conditions can seldom be restored, but some replanting,
thinning, grading, and burning may improve the vegetation, Such active
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improvement of sites and vegetation is the best management; however it
mist be thoroughly planned and executed,

The pioneer zone, which is predominantly a herbaceous type of vegeta=
tion, generally needs the most care and management. Grazing and surface
fires must be controlled or eliminated, Almost all grading, earth moving
and filling should be avolded unless it is planned carefully for protection
as well as property improvement. Some of the many human activities, such
as digging holes in the sand, running up and down dunes, and breaking and
pulling up the plants, should be minimized, To avoid dune field deterioration;
the management of some areas may necessitate the prohibition of their use
for recreation, especially the excessively eroding areas, so as to allow
nature to reform the dune vegetation and permit plantings to prosper,

Management, therefore, amounts to foresight and practical care where
possible, This foresight should promote retention of the forms most pro-
tective ppainst erosion and the vepetation most apt toe promote and hold
these forms over a long period. This should include a program to change
the vegetation where necesgary so that permanent stabilization is realized.
Some of this progress can be promoted by the removal of species that crowd
the sites, by allowing the growth of or planting better stabilizing and
goil-developing species, Thinning of the vegetation may be more effective
than complete preservation, which is too often practiced without regard
for possible improvement. Plantings of exotic species within natural
vegetation are often an improvement in all three zomes, and should be tried
more extensively,

PHRPORMANCE OF DUNE VEGETATION INSTALLATIONS

Plantings and the improvement of extant vegetation have been practiced
on coastal areas throughout the world for centuries with notable success
in many areas, particularly in Burope during the past few centuries, The
records of these installations and their performance in dune formation and
stabilization show that most success is due to planning and good methods,
A brief summary of the records of some installations in the United States
follows, Few records, mostly incomplete, with respect to performance opver
a period of yearg after the plantings are available, Usually the mainten~-
ance of the plantings and improvement of the natural vegetation were
neglected after a few years, On only the Outer Banks of North Carolina
has planting and replanting been observed long enough to show the ultimate
performance of the installation,

One early installation, started about 1903, was at Cape Cod, Massachusetts,
Its purpose was to reclaim areas of drifting sand where Forest and scrub
vegetation had been depleted, Seven dune ranges were planted to beach
grass, Ammophila breviligulata, but no long records of performance are
available, At this site the plantings made in the autumn survived better
than those made in the spring or late winter for the first few years.
Plant ings and improvement of extant vegetation over large areas, for which
records were obtained, were made during the 1930's on the long barrier
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islamndls of the Outer Banks of North Carcolina and along parts of the coast
of Oregon, Both of these projects were initiated Ly the Federal Govern=-
ment and both used Civilian Conservation Corps labor in part, The U, 5,
National Park Service directed most of the North Carolina Quter Banks
installations and it is continuing the current installations in the Cape
Hatteras National Seashore area, The clder records are incomplete and
data on means of plant installation, survival, and cost are meager. The
records for the installations along the Quter Banks of North Carolina,
particularly for the most recent plantings, are good, The Outer Banks
installations were primarily to repair the irregular, eroded dune fields
near the beaches, They succeeded well along many miles, as shown in
accompanying photographs. The Oregon projects were continuations of
attempts, started in 1910 by the U, 5, Porest Service, to stabilize migrat-
ing dune fields. In 1926-28 another attempt was made by the U, S, Bureau
of Plant Industry, The 19030's projects were mostly by the U, 5. Soil
Conservation Service. The Oregon installations were most extensive on
the Clatsop Plain and were to check both shore erosion and the migration
of sand toward the interior, No records of the results after the first
few years were obtainmed; However the available records are wvaluable because
they contain data on early survival of different plantings and some
estimates of costs,

INSTALLATICNS ON THE OUTER BANES OF NORTH CARCLINA

After two centuries of grazing by cattle and damage by uncontrolled
fires the Outer Banks had become partly denuded of vegetation and much
deterioration of the barrier dune ridges near the beaches had occurred,
During the period from 1934 to 1940 the National Park Service used sand
fences and made plantings on such an extensive and well-designed operation
that many barrier dune ridges were developed and stabilized. Large areas
of the gand flats were also stabilized, The project used as many as 3,000
men a2t one time, and most of the plants aml mechaniral means then known
were tried, FPlantings in conjunction with various patterns of brush-type
sand fences were used, These were very effective in arresting sand and
causing the formation of dunes,

The largest areas of plantings were over the sand flats behind the
frentzl dunes, These were to stabilize the flats which, because of low
elevation, were often flooded. The salt marsh grass or small cordgrass,
Spartina patens, was planted on 231 acres, mostly over these flats. The
second most abundant plantings, 152 acres, were of beach grass, Ammophila
breviligulata. These plantings helped to build and stabilize the dunes
formed by the sand fences, Eighteen acres of sea oats, Uniola paniculata,
and a few other grasses, such as Panicum amarum, the dune panic grass, and
110 acres of Bermuda grass, Cynodon dactylon, were used, The marsh elder
shrub, Iva imbricata, and a few other non-grass plants were also used, Al
these helped boild dunes, but nome as effectively as Ammophila, Some
plantings were mixtures of two or more speciés and caused dune formation
and rapid stabilization of the flats, Nearly 90 fercent of the sea oats and
about A5 percent of the b2ach grass survived, Much smaller percentages of
the others survived. The sea oats, however, did not form dunes of the
desired shape,
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Three arrangements of the brush=type sand fence, shown by Fligure 8,
were used, The first was a single row or several rows parallel to the
beach, The row nearest the beach had short fingers projecting toward the
beach, in otder to arrest sand moving parallel to the shore, A zigzap
arrangement of one or more rows of fencing was also used, Finally, a
diamond arrangement was used, This method served best in areas behind
the first dune ridge where blowonts had developed amd was most effective
in building up broad deposits, The first arrangement of fences parallel
to the beach was used most widely, Some of them are being installed in
the current project,

About thirty species of shrubs and trees were planted on the flats
and on dome of the stable dunes, Some trees were planted on the secomd
or more interior dune [ields and in the swales, The common gsemi-shrub
Iva imbricata, and tlhe vaupon holly shrub, llex vomitoria, proved to be
effective on the developing dunes, but most of the other woody plants
survived best on the flats and the older, stabilized dune fields, Some
other specles planted were, in general order of their percentage of
survival: Myrica pennsylvanica, Baccharis halimifolia, Pinug pinaster,
Robinia pseudacacia, Acer rubrum, Salix nigra, Cornus florida, and
Pinusg taeda, However, survival for as much as a decade depended greally
upon local conditions and the relative percentages of survival are not,
therefore, very significant. There were some trees, such as the loblolly
pine, Pinus taeda, which survived until salt water flooding and 3alt spray
caused by the recent 1955 hurricanes killed them, Live ocaks planted on a
small scale probably would have survived better if they had been placer)
more advantageously, Some of the other trees and shrubs tried are Taxodium
distichum, Diospyros virginiana, Liguidamber styraciflua, Fersea palustris,
Juniperus virginiana, Callicarpa americana, and some plums, Prunus spp.

Costs of 1934-1940 Plantings, The costs of these plantings on a
unit basis were low by reason of the low labor ceosts of about ope dollar
per 6-hour work day., The grass planting cost averaged, for 493,% acres
planted to Ammophila breviligulata, Spartina patens, and Cynodon dactylen,
only $36.55 per acre, Planting one acre usually invelved 20 to 22 man~days
to set in the plants, or about $22 for labor, This compares with the
¢urrent labor cost, in the same region, of $1 per hour or about 5160 per
acre, The labor cost is about 60 percent of the total cost, which would
result in a total cost of $266 per acre for current plantings, The costs
of the tree and shrub plant ings are not given on an acre basis, but some
estimates may be made, The plants cost about $4,50 per thousand for stock
raised in nurseries, plus about $10 per thousand for planting,

The extensive plantings of 1934-40 proved very successful, especially
neat Cape Hatteras Lighthouse, The barrier dunes were improved and
stabilized, and the beaches were extended seaward naturally along parts
of Bodie, Pea, and Hatteras Islands asz shown by the upper photograph of
Figure 9, Some flats and interior dunes were also improved by the plantings.
The areas were stabilized, and some of the wet, low places were built up
by Ilncreased deposition, The fire and grazing hazards wers reduced and
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Barrier dune built by sand fences and plantings
during 1934 - 1940, Area well-stabilimed by
vegetation,

Remnants of eroded dunes requiring recon=
struction and stabilization through use of
sand fencing and plantings,

Pigure 9 Stabilized and Broded Dunes at Cape Hatteras National
Seashore Recreational Area, North Carolina. Lower
photograph courtesy National Park Service,
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the native vegetation returned over large areas,

Road building and a great increase in other construction later caused
much local deterioration, which soon led to erosion of large gaps and
narrow canyons in the barrier duned, Plantings and sand fences were not
used for L5 years to stop this deterioration, Storm waters began to
wash acrosg some narrow parts of the barrier islands, especially during
the hurricanes, Connle and Yone of August and September 19555, Severe
erosion and inundation of large areas occurred, The heavy rains accompany=
ing lone did much damage, These and other storms destroyed some of the pro-
tective dunes, shown by Pigure 9, created by the 1934-40 installations,
Consequently, a new project of dune building and stabilization was begun
in 1956 by the Cape Hatteras National Seashore Recreational Area authorities
of the National Park Service and some of the local county agencies.

Current Proiect, The current project is on a smaller scale than that
of the 1934-40 period, but new methods are being used that increase the
rate of the installations and probably their efficiency, Dunes are being
built with the use of sand fences, as before, and by bulldozing operations,
Plantings of grasses are being made on both of these, The dunes thus
being made and stabilized are mostly short connecting ridges across gaps
in the natural barcrier caused by storms. [t is planned to restore the con=-
tinuous barrier dunes and later probably construct dune ridges behind
this barrier where space is available, Figure 10 illustrates a part of
the current program,

Most of the plantings on the deposits built up by the sand fences could
not be made until a few months to a vear after the fences were installsd
because of the slow accumulation of sand, The plantings on the artificial
dunes were made a few weeks after their comstruction. Nearly all of the
plantings have been made on the interior or landward slope of the dune,

In some places sand fences were put in two or more rows and plantings

made between them as well as on the inner slope. The plantings were mostly
of the beach grass, Ammophila breviligulata, with the cordgrass, Spartina
patens used on some sites, Only a few individuals of other species were
used, About BO percent of the beach grass planted during 1956~57 is
surviving; however on some slopes where erosion is severe, the spring
growth is less and replanting probably will be necessary,

Costs of Current Project. The costs of current installations, given
in Table 2, are only estimates because some of the equipment and overhead
cost items cannot be determined accurately until the project is nearer
completion,
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Brusgh type sand fencing shortly after imstallation,

Mechanically constructed dune ridge stabilized
by plantings situated in wide gaps through dunes,

Figure 10 Work Under Current Program at Cape Hatteras
Mational Seashore Recreational Area, North

Carolina, Lower photograph courtesy of
National Park Servite,
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TABLE 2

APPROXIMATE COSTS OF CURRENT CAPE HATTERAS NATIONAL
SEASHORE INSTALLATIONS

Item Operation Costs (%)
Brush fence Febrication and installation A0 per lin, ft,
Snow fence Purchase and installation LA W w iy
Dune Bulldozer construction 10 to .25 per cu, yd,
Dune Sand fence construction and

maintenance (including cost

of fencing) .50 per 1lin, ft.
Plants Flanting 275 per acre

These approximate costs indicate that an installation of two rows
of brush sand fencing with planting 50 feet wide on the inner slope costs
approximately $130 per 100 feet of dune, In contrast, the cost is $1,360
per 100 feet of a bulldozed dune of the dimensions given above, Most
of the artificially constructed dunesg are not built with an 80-foot base,
and their cost is less than that given above, In spite of the greater
cost, however, the artificial Aunes are preferable to the dunes formed by
sand fences across those gaps that must be closed rapidly., In some areas
the fences do not accumulate sand rapldly enough te form the high ridge
necessary for good protection.

The artificial dunes have one serious difficulty for plantings. The
source of sand is oftcn the upper beach area and the fill is composed of
a mixture of sands, gravel, and shells, This material is not uniform
and in some of the ridges is too coarse to hold sufficient water for the
plants to establish themselves, Most of the buildup around sand fences,
in contrast, ls a uniform textured fine sand, and the plantings survive
better on theém than on the artificial dunes,

ORBGON PLANTINGS

These extensive plantings were for the dual purpose of shore protection
by building and stabilizing dunes and stabilizing interior dume and sand
flat areas to prevent migration toward the interior. Most of the large
scale plantings were done between 1934 and 1940, The largest areas planted
were near Coos Bay and on the Clatsop Plain, The initial plantings were
on shore areas, and were to bulld and stabilize the barrier dune areas.
Later plantings of many types of stabilizing plants were made on the dunes
and over interior sreas where sand was migrating, Over fifty species of
plants were used, Seeding methods were alse used,

The plants used to form and stabilize the barrier dunes were mostly
Ammophila breviligulata with some Ammophila arenaria. The former grass
proved better, Elymus mollis was also used, but it did not survive well
because the plants must be completely dormant at transplanting time, The
secondary plantings were mainly of commercial seeds and a few native seeds
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gathered locally. They include Lupinus littoralis, Lathyrus japonicus, Poa
micrantha, and Pestuca rubra. Some of the clovers, Trifolium, were also

succeasfully started from seeds, They were used only on the permanently
stabilized, interior areas,

Numerous shrubs, trees, and woody vines were transplanted, among
which Lupinus arboreus, Rosa nutkana, 3alix hookeriana, and Picea sitchensis
were the besgt native species, Some of the exotic species used successfully
were the Scotch broom, Cytisus scoparius, the black alder, Alnus glutinosa,
and four pines, Pinug pinaster, P. sylvestris, P, pungens, and P, nigra,
Some of these woody plants were used as ornamental plants to improve the
forest and serub zones,

Costs., The approximate costs of several of the component operations
of this project are given in Table 3.

TABLE 3
AFPROXIMATE COSTS OF ORBGON INSTALLATIONS
It Costsper acre
$
Grasses 25
Seeds (commercial) 1 to 21
Seeds (natural) 7 to 18
Trees (commercial and matural including costs of trees) 30 to 200
Grasa planting at 12-inch intervals 50 to 100
Grasa planting at 18-inch intervals 40 to 60
Fertilizer (40 pounds per acre) 6 to 8
Management and Maintenance 5 to 20

LONG ISIAND, NEW YORK, INSTALLATIONS

Installations along the south shore of Long Island have recently
been made by a number of New York State agencies, Hydraulic fill was
used to construct a barfier dune aml beach grass was planted to stabilize
the fillas, The plantings were done in irregular pattern 15 to 18 inches
apart, between September 15 and May 15. Such hydraulic fill often contains
more salt than Ammophila breviligulata will tolerate; therefore the plants
are sat in only after tests have shown that the fill salinity is not
greater than the salinity of the s0il of the site from which the plants were
taken. This condition 18 usually reached after rains have diluted and lszached
the salt from the fill,

The hydraulic fill dune ridges thus constructed had top elevations of
about 18 feet above mean sea level, The top width was 50 feet and the
bagse varied from 250 to 300 feet in width, Both slopes were 1 an 15,
These gently sloping, well-constructed ridges have proved adequate for
protection. Snow fences were used for dume buildup at times, the zigzag
pattern proving best for maximum sand entrapment, Deposition of sand
occurred during the time of the northwestern winter winds,
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Specifications included not only the first plantings but also care
and replanting, Instructions for digging, handling, and planting stressed
subdividing the clusters or clumps of grass, which were dug from areas
near the fill, and keeping the bundles of plants moist or heeled in
until planted, The planting or sprigging inwasto 8 to 10 inches deep
and usually four stems were planted in each placing. Almost all planting
was done by hand with the us2 of a dibble type spade, The soil was
firmed or backfilled about the plants. Planting was accomplished over
the entire £ill,

Ornamental shrubs and trees and some other plants have been planted
in the same area, usually on more interior dune and upland parts, with
success, PFPlants which withstand winds, salt spray and other coastal
conditions were used. Ten species comuonly used were: Myrica pennsylvanica,
Eleagnus angustifolia, Prunus maritima, Rosa rugosa, Ilex crenata,
Ligustrum ibota, Populus alba, Pyracantha coccine, Pinus thunbergi, and
Juniperus virginiana, The high value of the residential and recreatiomal
property of this region assures the continued use of plantings for dume
stabilization,

The costs, as given by the two agencies involved in the project, were
$400 and $500 per acre, The larger fipure is based on a labor cost of
$2.60 per hour,

TEST FIANTINGS IN FIOR IDA

Plantings of beach grass, Ammophila breviligulata, were made in three
distinctly different areas in Florida during 1956 and 1957 to test the
survival and growth of this plant far south from its usual climatic range,
Such plantings are primarily to determine if a species that has proved
ugseful elsewhere can be used in a coastal region distinctly different
from the one in which it occurs, The plants were obtained from the Outer
Banks of North Carolina, which is over 10 degrees of latitude north of the
southermmost place of planting at Jupiter Island on the Atlantic coast
near Palm Beach, The two other plantings were north of Jacksonville, near
Fernandina fronting the Atlantic Ocean and near Panama City on the Gulf
of Mexico, Thus plants from the Central Atlantic Region are being tested
in three coastal climatic regions, the Southern Atlantic, Floridian, and
Gulf of Mexica,

Plantings were made in December near Fernandina and Panama City, and
in March and April on Jupiter Island and near Fernandina, The records of
survival and growth are to late April and May 1957. This is too short
a time to determine the eventual survival during the hot summer months,
but long enough to determine that the December plantings had started
active growth. Later, more extensive plantings of a number of species using
transplants and seeds are to be tested near the same sites for the purpose

of determining the survival and growth after transfer to a distinctly
different region,
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Two areas were planted on December 20, 1956 at St, Andrews State
Park near Panama City, The first was on and between dunes in the pioneer
zone where sand was moving., Three rows of plants were set in transverse
to the prevailing wind, and three rows were parallel to the prevailing
wind, The other planting was on a level area near buildings where little
or no sand movement occurred, Of 522 plants placed in the first area
only 233 survived to May 15, 1957, partly because parts of the rows were
covered too deeply by sand, Some of these buried plants may grow to the
surface later, Of 286 placings of plants in the second area, 266 survived
to May 15, This area was watered during dry spells, This area is to
test the growth of Ammophila in a nursery to furnish stock for later
transplanting., Survival in the firsat area was about 44 percent and in the
socond about 93 percent.

Near Fernandina Beach, in Fort Clinch State Park, plantings were
made in a low pioneer dune area near the upper beach on December 22 and
April 2, Of the 875 plants set in December, 609 or 69 percent, had
survived to April 28, About B5 of the 112 planted on April 2 had survived,
These plants were surviving better and growing more rapidly than those
near Panama City, probably because of greater stability of the sand, The

two areas had nearly the same temperatures and rainfall during this
period,

Two small plantings were made on Jupiter Island, near Falm Beach on
March 28, but one of these areas was later dug up so that data on only
one small planting of 112 placings are available, Of the 112 placings,
80 were alive on May 25 and some were making good growth. This planting
was late in the season for this climate and 2 low survival is probable,

If the survival and growth percentages of these three test plantings
are high enough to indicate that larger plantings could be made with ex-
pectations of getting enough cover of Ammophila to serve for dume buildup
and stabilization, then this plant might be used in the same manner now
extensively used on natural and artificial dunes elsewhere, It is prefer=-
able to some of the native dune-building plants, such as the sea oats,
because it builds and holds dunes in a more even shape with less steep
gides. This is the manner in which exotic species may be tested to
determine their usefulness,
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